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Thus within her kingdom lies,
Filling scenes for hungry eyes, a foraging group, typically assumed a central position in the group during herding , but remained on the periphery during feeding. When feeding , common dolphins frequently were associated with Australasian gannets (Marus serrator) , shearwaters (Puffinus spp.) and Bryde's whales (Balaenoptera brydei). Observations on the predatory behaviour of each species suggested a temporary close association between birds, whales and dolphins. This study showed an association of Australasian gannet flocks (n =46) and Bryde's whales (n = 27) with common dolphins, and described the nature of the joint aggregations of mixed-species feeding in the Hauraki Gulf. The behaviour of gannets and whales strongly coincided with that of the foraging dolphin group. Whales were recorded tracking behind foraging dolphins for up to one and a half hours (mean ± s.e. = 23 min ± 2.3).
Observations suggest that the relationship between gannets and whales with common dolphins was deliberate, and that these species take advantage of the superior ability of dolphins to locate and concentrate prey. The associations with gannets and whales had a significant impact on common dolphin foraging behaviour.
Duration of the phenomenon was predicted to be a direct function of the quantity of prey fish available. The presence of a whale had a sizable impact on the diffusion of feeding aggregations.
Results from this study indicate that the benefits of coordinated team hunts implemented by common dolphins in the Hauraki Gulf are a key factor in their foraging ecology. Their cooperative foraging skills appear to not only benefit the common dolphin individual , but other species as well. Ultimately, their role as a social hunter and an abundant, apex predator in the ocean , suggests that the common dolphin is a strongly interacting species which may facilitate population viability of other species in the Hauraki Gulf ecosystem. 
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1 Foraging ecology
Foraging determines an organism's intake of resources -water, nutrients or energy.
Expenditure of those resources on fitness-related activities determines the life-history patterns of an organism (survival, reproduction, growth). The allocation of a limited resource pool among competing life-history traits links foraging and life-history (1992).
The evolutionary basis for individual feeding behaviour is generally considered in the context of optimal foraging theory (Partridge & Green, 1985) . Optimal foraging theory states that organisms focus on consuming the most energy, while expending the least amount of energy. The understanding of many ecological concepts , such as adaptation , energy flow and competition , hinges on the ability to comprehend why animals select certain foraging strategies to attain certain food items (Krebs, 1978) .
Predation impacts ecological attributes such as population structure and viability, as well as evolutionary phenomena such as foraging tactics (Endler, 1986; Norrdahl & Korpimaki , 2000) . Many terrestrial predators chase their prey and capture them in full pursuit (e.g. , cheetahs chase gazelles, dogs chase hares, falcons strike pigeons, and bats hunt moths; reviewed by Howland (1974) ). In the aquatic environment, large vertebrate predators should have difficulty catching small prey because the overall manoeuvrability of small prey is likely to be superior to that of large predators in a viscous surrounding (Webb, 1976; Domenici, 2001 ). Yet, aquatic predators regularly catch their prey, using specialised locomotor and/or behavioural strategies to compensate for inequities in manoeuvrability between themselves and smaller, elusive prey (Maresh et al. , 2004) .
From an evolutionary perspective, the foraging behaviour of marine mammals is constrained by the challenges to exploit marine food as a warm-blooded, air-breathing, live-bearing animal (Elsner, 1999) . Each one of those mammalian characteristics is an obstacle to life in the water. Therefore, cetaceans offer a good example of a group of animals in which adaptations related to foraging are generally acknowledged to have
2 Foraging behaviour of dolphins
Delphinid foraging strategies range from individual hunting manoeuvres to highly coordinated group activity (WOrsig , 1986) . Tayler & Saayman , 1972; Norris & Dohl , 1980b; WOrsig , 1986) . The manner in which food is gathered depends greatly on the type and accessibility of prey. Where the type of prey available is relatively constant, the foraging strategy may also be relatively unvarying from day to day and between seasons . Such consistency in foraging behaviour has been observed in Hawaiian spinner dolphins (Stene/fa longirostris) , which feed at night on organisms associated with a rising deep scattering layer (Norris & Dohl , 1980a; Norris et al., 1985) . Where prey types change, strategies of finding and securing prey must change accordingly. For example, populations of killer whales feeding on salmon often hunt in loosely coordinated groups (Bigg et al. , 1976) , while killer whales feeding seasonally on pinnipeds appear to use complicated strategies to isolate and attack particular vulnerable animals (Condy et al., 1978; Lopez & Lopez, 1985) . Transient killer whales that predate on larger whale species (Tarpy, 1979) also attack as a tight pod, harassing their prey from different angles and using different techniques. This behaviour may be comparable to wild dogs (Lycaon pictus) which exhaust and finally bring down a wildebeest (Connochaetes taurinus) (Kleiman & Eisenberg , 1973) .
The behaviour of dolphins is closely tied to local ecology, and behaviour patterns change according to ecological factors. Many studies have contributed insights into the relationship between behaviour and ecology (e.g., Shane, 1990; Neumann , 2001b) .
Dolphin behaviour can be influenced by several factors , including time of day, season , water depth , bathymetry, tidal flow, and human activities (Shane, 1990) . Dolphins' responses to these ecological variables are somewhat unpredictable and can differ depending on the habitat in which the animals are studied . Ultimately, dolphins experiencing different prey availability, habitats and ecological environments are predicted to adapt suitable foraging specialisations.
3 Foraging specialisations in dolphins
Forag ing specialisations allow animals to adapt to environmental variations and , thus , promote their survival. Diversity in foraging techniques is well documented for many species , including chimpanzees (Pan troglodytes) (Teleki, 1973; Wrangham , 1974; Goodall , 1986) For example, lobtail and bubble-net feeding in humpback whales (Megaptera novaeangliae) (Hain et al. , 1982; Weinrich et al. , 1992) , cooperative hunting and strand feeding in killer whales (Guinet, 1991 ; Hoelzel , 1991 ; Baird & Dill , 1995; Guinet & Bouvier, 1995) , bird-associated foraging and lunge feeding by minke whales They serve as a prime example of a species with varied feed ing strategies at numerous locations around the world . In South Carolina , fish are driven onto mudbanks by bottlenose dolphins, who temporarily beach themselves in the process (Rigley, 1983 ).
In the Bahamas, bottlenose dolphins dive rostrum first into the sand and bury themselves up to their flippers, during benthic 'crater feeding ' (Rossbach & Herzing , 1997). In Florida , they 'whack' fish into the air, with their tail flukes , stunning or killing the fish in the process (Wells et al. , 1987) . In Western Australia , bottlenose dolphins even forage with the aid of sponges worn over their rostra as tools during benthic foraging (Smolker et al. , 1997; Mann & Sargeant, 2003) . Bottlenose dolphins use estuarine mud flats to trap fish in several areas of the south-eastern United States (Hoese, 1971 ; Rigley, 1983) , the Colorado River Delta (Silber & Fertl , 1995) and Portugal (dos Santos & Lacerda , 1987) . Finally, off the south Pacific coast of Coast Rica , the rare behaviour of 'food sharing' has even been observed between a male and a female bottlenose dolphin that was accompanied by a calf (Federowicz et al., 2003) .
Another delphinid species showing immense flexibility in their feeding strategies is the killer whale. Prey taken by killer whales cover an extensive spectrum from schooling fish to baleen whales (Baird, 2000) . Specialisations on certain prey by certain pods have been well documented for the Pacific Northwest (Baird , 2000) .
In summary, the types of foraging specialisations used by dolphins appears to be determined by the ecology and localised habitat types (Weiss, 2005) . The dependency of dolphins on habitats that are conducive to their foraging technique(s) and the influence of habitat characteristics on foraging efficiency indicate a need to further understand the relationship between identified feeding areas and foraging specialisations of species (Hastie et al. , 2003 ).
4 Cooperative feeding of dolphins
Cooperative or group hunting has been reported in several mammals (e.g. , African wild dogs: Creel & Creel, 1995) and even in one bird species (Harris hawks (Parabuteo unicintus) : Bednarz, 1988) . Group hunts that are considered cooperative , range from simultaneous chases to hunts that are clearly coordinated (Kitchen & Packer, 1999) .
Cooperative hunting occurs when individuals coordinate actions, such that the probability of successful capture of prey is increased among all participants (Sargeant et al. , 2005) . Cooperative feeding is common among social carnivores and is generally thought to be a way of increasing hunting success (Kruuk, 1975) . This is particularly relevant in aquatic environments where prey resources are often spatially and temporally dispersed. Feeding in groups in such an environment can increase foraging efficiency (Wells et al. , 1999) . Among cetaceans, many species of delphinids have been observed to feed cooperatively (Norris & Dohl, 1980b; W0rsig, 1986; Evans, 1987; Simila & Ugarte, 1993; Fertl & WOrsig, 1995; Fertl et al. , 1997) .
Coordinated feeding in dolphins is often opportunistically sighted and difficult to describe. Coordinated episodes have been described for bottlenose dolphins (W0rsig, 1986; Bel'kovich et al. , 1991 ) (Steiner, 1995) and common dolphins (Gallo-Reynoso, 1991 ; Clua & Grosvalet, 2001 ; Neumann & Orams, 2003) .
Accounts of apparent cooperative behaviour in feeding dolphins include fish being herded into a ball (Caldwell & Caldwell , 1972; Leatherwood , 1975; Rossbach, 1999) , fish driven ahead of dolphins swimming in a crescent formation (Leatherwood , 1975; WOrsig , 1986) , against mud banks (Leatherwood , 1975) or trapped between dolphins attacking from either side (WOrsig , 1986) . A division of labour with role specialisation has even been described in cases of group hunting in bottlenose dolphins (Gazda et al. , 2005) .
A well-documented cooperative hunter is the killer whale. This species is known to exhibit varying degrees of cooperative foraging behaviour depending on the type of prey selected (Guinet, 1991 ; Guinet, 1992; Simila & Ugarte, 1993; Baird & Dill , 1995) .
Cooperative foraging in killer whales has been identified by observations of group movements, from synchronous respirations while chas ing and encircl ing prey (Ljungblad & Moore, 1983) to divisions of labour in the attack (Tarpy, 1979) and the sharing of prey (Lopez & Lopez, 1985) . Killer whales have been documented attacking gray whales (Eschrichtius robustus ) (Baldridge , 1972) , sperm whales (Physeter macrocephalus) (Pitman et al., 2001 ) and even blue whales , using cooperative strategies (Tarpy, 1979) . The ability to capture prey larger than the predator is the most commonly cited selective advantage of cooperative foraging in terrestrial social carnivores (Kleiman & Eisenberg , 1973) . Schaller (1972) has shown that cooperatively hunting lions (Panthera /eo) have a success rate of 30% compared with 15% exhibited by solitary lions.
Associated species with dolphins during foraging
Foraging as a group may also reduce an individuals' risk of predation by diluting the probability of their being attacked (Hamilton , 1971 ; Foster & Treherne , 1981 ) , hampering the ability of predators to focus on them as targets (Neil & Cullen , 197 4 ; Landeau & Terborgh , 1986) , or by providing earlier predator detection (Powell , 197 4; Lazarus, 1979) . These hypotheses are not mutually exclusive and different selective pressures may impinge upon different group participants (Morse , 1977; Cimprich & Grubb, 1994 ) .
Social foraging doesn't just extend to monospecific groups, but also to heterospecific groups comprised of mixed-species foraging in close association . Some benefits of social foraging extend to both monospecific and heterospecific groups, but as monospecific group size increases, competition may begin to erode the advantages of sociality (Barnard & Thompson , 1985) . However, members of mixed-species associations may be able to retain these advantages while being subjected less to competition for resources (Barnard & Thompson , 1985) . Perryman , 1985; Polacheck, 1987; Selzer & Payne, 1988; Reilly, 1990; Shane, 1995) . Hypotheses proposed to explain the selective advantages of participating in social foraging associations have generally focused on foraging and anti-predation benefits (Morse, 1977; Bertram , 1978; Powell , 1985) . For example, it has been suggested that foraging success is enhanced through copying (Krebs, 1973; Greig-Smith, 1978; Waite & Grubb, 1988) , kleptoparasitism (Thompson & Barnard, 1983) , flushing of prey from cover (Swynnerton, 1915; Barlow, 197 4; Peres, 1992) , or by allowing individuals to reduce time allocated to non-foraging activities such as vigilance (Pulliam , 1973 ). An alternative explanation is that aggregations tend to occur when two species simply feed on the same prey resources (Tarasevich , 1957) .
Mixed-species groups may lead to a more efficient utilisation of the food resources for one or all participating species (Stensland et al. , 2003) . One of the most well known associations in the marine environment is that of pelagic dolphins and schools of tuna ( Thunnus albacares) . These dolphin-tuna associations, sometimes also attract seabirds , other fish species and sharks (Au & Perryman , 1985; Au & Pitman , 1986; Au , 1991 ) . During these associations, prey is driven towards the surface and is considered so abundant and diverse that dolphins and other species can feed from the fish school at the same time (Au & Pitman , 1986) . The mixed-species group feeds , interacts and travels together for various periods of time (Au , 1991 ) . These associations have been studied in the tropical Pacific (Perrin et al. , 1973; Au & Pitman , 1986; Polacheck , 1987; Scott & Cattanach, 1998) and in the North-east Atlantic (Das et al. , 2000) .
In a review by Evans (1982) , common dolphins were highlighted as a species that regularly associate w ith other species. Common dolph ins have been observed in sympatric associations with other cetacean species , including bottlenose dolph ins (Gallo-Reynoso, 1991 ; Bearzi , 2006 (Evans , 1982; Pitman & Au , 1992; Pitman & Ballance, 1992; Clua & Grosvalet, 2001 ).
In New Zealand waters , common dolphins have been observed in mixed-groups with dusky dolphins (Lagenorhynchus obscurus) (W0rsig et al. , 1997; Markowitz, 2004) and striped dolphins (Stockin, unpublished data), as well as a few baleen cetacean species, such as Bryde's whales (Balaenoptera bryde1) (Constantine & Baker, 1997; O'Callaghan & Baker, 2002; Neumann & Orams, 2003) , sei whales (Balaenoptera Sequeira, 2003) have been recorded. They are easily distinguished by their elaborate hourglass tri-colour pattern (Carwardine, 1995; Perrin, 2002) which has been described as one of the most complex of any cetacean (Mitchell, 1970) .
There is relatively little information in scientific literature regarding the behaviour of free-ranging common dolphins. Where their behaviour has been investigated , it has primarily focused on animals in captivity, describing their social interactions and vocalisations (Evans, 1994; Kyngdon , 2000) . Outside of the Mediterranean, it has been studied in few areas, and mostly in the context of abundance and distribution (Oohl et al., 1985; Selzer & Payne, 1988; Reilly, 1990; Gaskin , 1992; Chivers & DeMaster, 1994; Bearzi, 2001 ; Neumann , 2001 b; Neumann et al. , 2001 ; Stockin, unpublished data) . Relatively little is known about groups living near or on the continental shelf edge, and the ecology and behaviour of offshore populations remain largely unknown (Evans , 1994 ) .
Common dolphins are generally considered to be pelagic, with most groups occurring over the continental shelf and beyond (Gaskin, 1992) . There they typically form large groups, sometimes numbering in the thousands (Cockcroft & Peddemors, 1990) , although smaller coastal populations have been documented (Politi & Bearzi, 2001 ).
The social organisation of common dolphins is largely unknown , although Evans (1975) and Bruno et al. (2002) attenuata) and spinner dolphins (Stene/la longirostris) (Norris & Dahl, 1980b) , suggesting that common dolphins could tend towards very fluid fission-fusion societies (Wells, 1991 ; Neumann, 2001 b) . In complex fission-fusion societies, the size and composition of groups changes rapidly as individuals frequently join and leave the group (Wells et al. , 1987; Connor et al. , 1992; Smolker et al. , 1992; Smolker et al. , 1993; Mann & Smuts, 1999 ). An ecological basis to the formation of fission-fusion societies may be foraging benefits to attain food that is spatially and temporally patchy (Goodall , 1986; Symington , 1990; Connor et al. , 2000b ) .
6. 1 Diet and foraging behaviour
Common dolphins feed on a range of different prey items , varying between seasons and different geographic areas . The diet of common dolphins has been investigated through stomach content analyses of beached or by-caught specimens. Their prey includes epipelagic shoaling fishes as well as smaller mesopelagic fishes and squids (Perrin , 2002) . Shoaling fish such as mackerel (Scombridae), sardines (Clupeidae) or anchovies (Engraulidae), and to a lesser extent cephalopods made up the majority of the stomach contents of stranded or incidentally caught common dolphins (Overholtz & Waring , 1991 ; Evans, 1994; Young & Cockcroft, 1994; Young & Cockcroft, 1995; Silva & Sequeira , 1996; Walker & Macko, 1999; Bearzi et al. , 2003) . While the feeding habits of common dolphins have been documented for various populations worldwide, (e.g ., eastern United States (Overholtz & Waring , 1991 ), Portugal (Silva & Sequeira, 1996 , Mediterranean Sea (Bearzi et al. , 2003) Carouselling has also been reported for common dolphins foraging in the Azores in mixed-species aggregations with tuna and seabirds (Clua & Grosvalet, 2001 ).
Since delphinid foraging behaviours are known to show variation between locations, this study aimed to extend the research on the foraging ecology of common dolphins to the Hauraki Gulf Marine Park.
6. 2 Common dolphins and the Hauraki Gulf Marine Park
To date, only three studies have focused on New Zealand common dolphins (one Island (Gaskin, 1968; Constantine & Baker, 1997; W0rsig et al. , 1997; Brager & Schneider, 1998) . Their distribution in New Zealand has been described as mesopelagic and it was suggested that their occurrence southward is more restricted in winter than in summer (Gaskin, 1972) . Common dolphin sightings off the west coast have predominantly been reported during the summer season (Gaskin , 1972; Brager & Schneider, 1998) (Reilly, 1990; Fielder & Reilly, 1994 ) . Therefore, there are questions regarding why this particular population inhabitats these comparatively shallow, sheltered waters in contrast to common dolphins studied elsewhere in world (Gaskin , 1992) . Kenney and Winn (1986) proposed that cetacean distributions are determined by the distribution of the most important prey species. The Hauraki Gulf area has been identified as a significant area for common dolphin feeding activity (Schaffar-Delaney, 2004; Stockin, unpublished data) . Therefore , the population of common dolphins in the Hauraki Gulf is a good subject for investigation with regard to their foraging ecology and behaviour.
7
Objectives of this study
Studies on the foraging behaviour of cetaceans can contribute to the information on predator-prey relationships which leads to a better understanding of the functioning of marine ecosystems. Research on common dolphins in New Zealand has been limited , and there has been no systematic effort to assess their foraging ecology within the Hauraki Gulf. Th is project aimed to better understand these biolog ical aspects by conducting a dedicated study investigating common dolphin foraging ecology within the Hauraki Gulf. Aside from providing new data on the ecology of the common dolphin, this study sought to provide data that will be useful in efforts to promote the conservation of biodiversity in the Hauraki Gulf Marine Park. Outcomes from this research will hopefully contribute to sustainable management of the Hauraki Gulf
Marine Park and cetaceans in New Zealand.
The specific aim of this study was to investigate the foraging ecology of common dolphins within the Hauraki Gulf Marine Park. This research :
• investigated the foraging activity of dolphin groups ;
• addressed whether certa in forag ing strateg ies were predominantly used to capture prey;
• investigated the influence of group size, calf presence and environmental factors on foraging behaviour;
• aimed to document and understand the role of common dolphins forag ing behaviour in mixed-species feeding aggregations within the Gulf.
8 Ecological significance of this study
New Zealand is known to have a rich and diverse fauna of marine mammals, with almost half of the world 's whale and dolphin species having been reported in New
Zealand waters (Baker, 1999) .
The waters of the Hauraki Gulf, off the city of Auckland, were classified as a Marine
Park (Hauraki Gulf Maritime Act 2000) in acknowledgment of its significant biological diversity. The Hauraki Gulf Marine Park is also an economic and recreational resource, supporting commercial fishing and recreational boating. Resource managers are faced with the task of balancing the conservation of aquatic biota with a variety of human activities, including recreation , tourism, commercial fishing and shipping. In order to do this successfully, it is important to understand the biology and ecological role of significant species.
The Hauraki Gulf is used by a variety of cetacean species of which common dolphins are the most frequently encountered and they are sighted year-round. The Gulf is considered an important foraging area for common dolphins (Stockin , unpublished data) and effective prey capture is fundamental to an individual's survival , making the Gulf a potentially significant area for common dolphin populations. Furthermore, common dolphins represent an abundant2, top-order predator whose feeding ecology could potentially have a significant role in the ecosystem of this Marine Park.
Ultimately, a better understanding of the feeding ecology of common dolphins within the Gulf will augment the wise management and use of the Hauraki Gulf Marine Park.
